Abstract: A total 14 streams located in the Tatra Mts (Slovakia) were investigated. The studied river basins have different deforestation range (0-45.5%) influenced by windstorm. Daily and annual water temperature suggested that in streams overflowing through the area deforested by windstorm the temperature was higher than in selected non-disturbed streams. Higher average nutrient concentrations in samples from these streams are connected with nutrient mobilization from disturbed forest soils after the windstorm. Most of the damaged streams have higher trophic status, including POM and biofilms. The growth of the most abundant larvae increases with deforestation. Growth of species Leuctra rauscheri, Protonemura montana, and Perlodes intricatus correlates with the sum of daily temperatures over a given time interval. Growth of species Brachyptera seticornis, Leuctra autumnalis and Isoperla sudetica are affected by stream trophy.
Introduction
Water temperature variability can occur naturally or as a result of anthropogenic perturbations, deforestation, flow modification and climatic change (Caissie 2006) . Plecoptera richness (Kruitbos 2012 ) was positively correlated with catchment relief, annual temperature regime, and streamflow.
Recently, greater attention has been given to alpine streams due to the increased recognition of the important role that these headwater streams play in major river systems throughout the world, and their vulnerability to local and regional environmental change (Füreder et al. 2007) . A great diversity of European stoneflies is concentrated in the Alps, Pyrenees, Iberian Peninsula, Carpathian and Balkan Mts, but so are the most vulnerable taxa. According to climate models, these places are likely to be greatly affected by climate change. In general, an impoverishment of European Plecoptera taxa will probably occur as a consequence of climate change, and only taxa with wide tolerance ranges will increase in abundance, resulting in lower overall faunal diversity (Tierno de Figueroa et al. 2010) .
The riparian zone bordering streams serves as a buffer between the stream and the surrounding watershed, and is also the primary source of allochtonous matter for many small streams in forested biomes. The storm in November 2004 destroyed 12,000 hectares of forest along the southern foot of the Tatra Mountains, including the monitored river basins of the country.
Since this windstorm caused a large scale destruction of adult forest growths over such an extensive area, including that of the riverine landscape of the brooks, this unique natural disturbance provided a great opportunity for ecological research (Fleischer 2011) . Over 35% of the forest from the Tatra forested area was refuted.
The principal mechanisms through which a decline in land-cover influences stream ecosystems include the following Allan (2004) : (1) sedimentation effects such as turbidity, scouring and impaired substrate, (2) nutrient enrichment, (3) hydrologic alteration by floods, decreased basic flow and channel dynamics and (4) riparian clearing, where reduced shading increased stream temperature and erosion alter the trophic structure.
We focused on the above-mentioned fourth point -the analysis of stonefly variability of larval development of the Tatra mountain streams with different temperature regimes and food resources influenced by the storm (Krno et al. 2013, in press ). The annual temperature regime and the quantity and quality of available food in a stream are two of the most important factors affecting the life history characteristics of aquatic insects (Sweeney 1984) . Life cycles of stonefly species last from a half-year to several years, but there is some variation dependent on species and water temperature (Brittain & Lillehammer 1987; Williams et al. 1995) . The importance of water temperature has long been recognized, and has been identified as responsible for the distribution and richness of species along altitudinal and latitudinal gradients (Quinn & Hickey 1990) . 2 . Location of survey sites: Site 1 -Tomanov potok 1; site 2 -potok v Javorovom žľabe; site 3 -Tomanov potok 2; site 4 -Tomanov potok 3; site 5 -Tichý potok 1; site 6 -Tichý potok 2; site 7 -Belá River; site 8 -Biely Váh River; site 9 -Poprad River, site 10 -Veľký Šum; site 11 -Batizovský potok; site 12 -Hromadná voda; site 13 -Velický potok; site 14 -Slavkovský potok.
Generally, water temperature is a key factor influencing the embryonic development, larval growth, emergence, metabolism and survival of many taxa (Haidekker & Hering 2008) .
Thermal conditions in the Tatra mountain streams and their influence on stonefly larvae was investigated by Kamler (1965) -mean daily temperature, daily thermal astatism and the occurrence of temperature differences.
Material and methods
Fieldwork was undertaken within the Váh and the Poprad catchments in the Tatra Mts four times a year between late March and early October from 2009 to 2011 (Figs 1, 2) . This was carried out in 14 different 2 nd and 4 th order streams in the eco-region of the Carpathians, with a diverse range of natural deforestation. Detailed river morphological characteristics are presented in Bulánková et al. (2013) . We analyzed different environmental variables (Table 1) , including continuous measurements of water temperature (Krno et al. 2013, in press ).
Water column temperatures in studied streams were measured at hourly intervals in 2009-2011. Miniature thermistors with integrated data loggers from 8-TR Minilogs, Vemco Ltd., Shad Bay, Nova Scotia in Canada were employed to measure seasonal water temperature (SWT). These were inserted into 15 cm plastic tubing water pipes with a diameter of 3 cm and, anchored by a steel-wire strand to a rock in the stream. This was achieved by drilling the rock with a hammer drill, and inserting a plastic fastener attached by a screw. This device measured the temperature on the bottom, and most preferably, at the deepest part of the stream channel through it's uncovering during small discharges.
Chlorophyll-a was investigated using the ISO method with extraction in ethanol. Here, samples were taken from 4-5 stones in the stream-bed by scraping with a toothbrush, and the chlorophyll-a content was expressed in mg m −2 . Particulate organic matter (course -CPOM and fine -FPOM) was collected by inserting a sharply pointed 0.006 m 2 tube 10-15 cm into the substratum. Coarse material such as stone inside the cylindrical bottom sampler was removed, and the bottom substrata was then manually mixed with a stick, and a sub-sample of 0.5 L was taken from the measured column of water. This procedure was repeated several times on the mesolithal and also on the finer substrate of microlithal, akal and psammal (Krno et al. 2006) . Particulate organic matter was separated by a nested series of sieves (1 mm, 50 µm), and the finest fraction was filtered through a Whatman GF/C glass microfiber filter.
Macro-invertebrate samples were collected in late March, in May and from late July to early October in 2009 to 2011 using the standard AQEM Consortium method (2002) . Macro-invertebrate samples were collected from all present dominant microhabitats with at least 5% coverage. A total of 20 units with 25 × 25 cm sampling area were collected by kick-sampling using a 500 µm hand-net "jabbing" device. Qualitative samples of stonefly larvae and adults were retrieved from all sites and were preserved in 4% formaldehyde. Organisms were sorted under a light microscope. All microhabitats were collected individually, and the taxon abundance was calculated per total bottom area according to habitat coverage.
Meanwhile, the non-parametric Spearman Rank correlations between food (average for the period of study), temperature data (sum of daily temperatures over a given time interval) and the growth of stonefly larvae (at the time), were calculated using STATISTICA (StatSoft Inc. 2007 ).
Results and discussion
During the study period daily mean water temperature ranged from 0 to 14.6
• C (Fig. 3) , dissolved oxygen from 8.1 to 12.4 mg L −1 , dissolved oxygen saturation from 66.6 to 96.1% and the amount of nutrients was somewhat higher in deforested streams (Table 1) . Generally, however, this study section provided clean, cool and well-oxygenated habitats.
Measured water temperatures on sites of the individual streams are presented in three figures (Figs 3 A-C). Mean daily water temperature in small streams on site 12 -Hromadná voda and site 14 -Slavkovský potok and site 10 Veľký Šum are listed in Fig. 3A . It is evident that the temperature in small streams flowing through deforested area is higher than in stream of forested area. This finding was statistically confirmed by mean daily (Fig. 4A) , maximum ( Fig. 4B ) and minimum (Fig. 4C) water temperature. The smallest values of temperature during year in small (Fig. 3A) and medium (Fig. 3B ) streams flowing through deforested area were from December to March. Maximal values were measured from July to August. Sites 3-6 on native streams in Tomanová and Tichá dolina (valley) had also different temperatures. Site 2, and site 3 situated at the same altitude and very similar discharge were distinguished by different water temperature. Site 2 represented cold stream with robust spring and short distance from spring. Site 3 was warmer stream, because it obtained water with higher temperature from Tomanové plesá (lakes), also the distance from the spring was longer. Site 6 Tichý potok 2, situated in an intermittent stretch of stream, was dry for some time of the year. During this time the water flowed in the underground layers under channel. It is evident also in temperature records, e.g. during winter when recorded Fig. 4 . Monthly (A) mean, (B) maximum and (C) minimum water temperatures for undisturbed and windstorm deforested streams (error bars = 1 standard deviations of the mean and asterisks denote no significant differences at P < 0.05).
temperature reached minus values (from half of January to half of March 2010) and in the vegetation period when recorded temperature reached high values (on the end of summer and at the beginning of autumn). Dry channel without water was confirmed during sampling.
The daily and annually mean water temperature ( Table 1 ) recordings revealed that the temperature was higher in overflow streams in the windstorm deforested area compared to the undisturbed reference stream Also there are higher average nutrient concentrations in the samples from streams connected with nutrient mobilization from forest soils disturbed by the windstorm: NO 3 and P-PO 4 (2-8 and 0.1-0.3 mg L −1 , respectively) (Krno et al. 2013, in press ).
A total of 5,700 larvae were collected, which resulted in 41 identified species listed in Table 2 . The following five stonefly taxocoenoses were identified on the basis of the stonefly taxon assemblages (Krno et al. 2013 , in press), they correlated with one of the most important environmental variables -water temperature regime. Kamler (1965) analysed the influence of prevailing meteorological conditions on the water temperature, the degree of shading, the surface flow and the amount of contact with subterranean waters, and type of lakes in the Tatra streams. She was obtained good correlations between of the type of temperature changes in streams and the composition of its stonefly taxocoenoses. Relationship between stoneflies and sum Explanations: A -montane brooks (A1 -outflow from karstic cave), B -outflow from subalpine lake, C -montane rivers, Ddegradated montane torrents; + < 1 (according to Krno et al. 2013, in press ).
of daily degrees corresponds with vertical distribution (Tables 2, 3 ). We found, that six of more numerous stonefly species (Table 2) , significantly respond to deforestation basin gradient ((position of sites in Fig. 5 ). The growth of larvae increases with deforestation. The growth correlated with the deforestation (sum of degree days), as in the spring species Leuctra rauscheri (Fig. 5A) , in the summer species Protonemura montana (Fig. 5B) , and in spring species Perlodes intricatus with the summer-autumn time interval of growth (Fig. 5C ). The High Tatra populations of summer species Protonemura montana grow rapidly (F 3 -quick development, Hynes 1961) from May to September (Krno & Šporka 2003) and Perlodes intricatus grows slowly (S 3 ) from August to July (Krno & Šporka 2003) .
Growth is mostly considerably retarded at site 2 (karst stream), to a lesser extent in other forested streams. Accelerated growth was recorded in significantly deforested streams and for the spring species of Leuctra rauscheri also in mountain rivers and the Belá and the Poprad rivers, in all three cases, the growth of larvae affected the rate of temperature regimes (Table 3).
Massive clear-cutting of the Carpathian forests caused not only erosion effects, but it also had an indirect influence on the temperature (Krno 1995; Krno et al. 1995; Krno 2007) . This resulted in the distribution of submontane stonefly species which were shifted to an upper course of the catchments. According to Heineman & Knigth (1975) growth of stoneflies remained constant over the lower temperature, increased at the medium temperature (12-16
• C), and decreased rapidly in the higher temperature range (Krno 1997 (Krno , 2010 . Species distribution of macroinvertebrates was most explained by the summer number of cumulative 956 I. Krno et al. degree-days (June, July and August) and mean temperatures of the late spring and summer months. Maximum temperatures had less explanatory power (Haidekker & Hering 2008) . Also daily amplitudes and winter temperatures were found to be insignificant for the macroinvertebrates distribution.
The life cycle, growth and many other biological processes in aquatic insects are characteristically dependent on environmental temperatures (Benke 1993) . During some periods, development increases almost linearly with physiological time, and effective accumulated water temperature. The most striking effect of increasing temperatures is the shortening of the life-cycle in most aquatic insects, and growing evidence suggests that climate warming affects the seasonal timing of activity of organisms (Richter et al. 2008) . Shifts in phenology due to climate change may affect the synchrony of key activities related to food availability or habitat, thus causing a temporal de-coupling or mismatch in the worst case that may even lead to population crashes or extinctions (Parmesan 2006) . Although Plecoptera occur on most continents, the ecological requirements of that insect order may limit the dispersal capacity of some of its larvae (Zwick 2004) .
Nemouridae is a widespread cold water family (Kruitbos 2012) . Other families like Leuctridae, Perlidae and genus Isoperla (Bauman 1979; Lillehammer et al. 1989; Kruitbos 2012) are widespread also in warmer streams. The diet of stonefly shredders exerts some influence on the seasonal pattern of larval growth, but temperature may play a more important role (Sweeney & Vannote 1986) . Small changes in temperature during the larval period can result in significant changes in the magnitude of larval growth. Stonefly production of the same species is lower with increasing altitude and decreasing temperature (Krno 2010) . With regard to stonefly nymphal growth Lillehammer et al. (1989) consider temperature-dependant growth ancestral and temperature-independent growth is derived.
Following three species (Fig. 6, Table 3 ) are primarily affected by stream trophy. Growth of the species Brachyptera seticornis is correlated with chlorophyll-a biomas in biofilms on the rocks, which is higher in the deforested mountain streams and in the montane river Belá. Growth of species Leuctra autumnalis is correlated with biomass BOM, which significantly prevalent in deforested streams. Growth of species Isoperla sudetica correlates with the dominance of this species, which probably increases with the frequency of available prey. This species dominated with 22-33% (Table 1) in significantly deforested streams. The dominance probably increases with frequency of prey availability.
Leuctra autumnalis grows slowly (S 4 ), with acceleration during the summer (Krno & Šporka 2003) , Isoperla sudetica grows slowly (S 3 ), and is characterized by important ceasing during the winter (Krno & Šporka 2003) . The relationship between growth rate of Tae- niopterygiidae, Leuctra autumnalis, Isoperla sudetica, and annual water mean temperature, has also not been confirmed by Krno (2010) .
Our investigations, and the results presented herein, indicate that modified montane habitats with decreased land cover have more food resources (POM, biofilms), higher taxon richness (mix of cold stenotherm with more eurytherm taxa), and an increased share in stonefly trophic guild. This includes predators but excludes shredders (Krno et al. 2013, in press) .
Results of our investigations demonstrate how the Tatra flowing-water systems and their biota can be regarded as catchments scale integrative monitors for a set of hydrological, thermal and biotic variables which can be modified by forest windstorm degradation (Krno et al. 2013, in press ). Environmental factors, such as flow dynamics, temperature, erosion and nutrient food levels can reach extreme levels in these streams and therefore many euryvalent stonefly species are found there.
Removal of streamside vegetation and subsequent increased solar radiation to the stream channel can increase water temperature (Quinn et al. 1997 ) and thus alter the thermal regime. Altered river basins receive more inorganic nutrients, especially inorganic N, from terrestrial sources (Johnson et al. 2007 ). All these changes influence the trophic structure of benthic communities (Gurtz & Wallace 1984) . Canopy removal increased sunlight penetration to the stream and consequently led to higher autochthonous food resources (Allan 1995) . This therefore resulted in increased biomass and greater densities of scraper and gathering-collector invertebrates. Clear-cut sections of small high gradient streams generally have an increased amount of chlorophyll and biomass, and a greater density of invertebrate predators (Murphy & Hall 1981) . Briers et al. (2004) found, that there were significant differences in growth rates of stonefly species between streams, with nymphs growing more slowly in the forested stream that was consistently cooler than the open stream. However, the forestry in the catchments upstream of the study site may exert an influence on temperature regimes further downstream.
Clearly, the effects of factors influencing stream thermal regimes, in this case catchment vegetation, may vary between sites as a result of local differences in catchment characteristics (Weatherley & Ormerod 1990; Stott & Marks 2000) . Removal of riparian vegetation warms streams by as much as 3-5 • C, increases microbial decomposition rate and invertebrate growth and feeding and changes flow variability (Allan et al. 2005) .
Conclusions
(1) The Tatra River basin deforestation ranged from 0-45.5%, dependent on the amount of windstorm damage.
(2) Daily and annual water temperature readings revealed that stream overflow due to this windstorm damage occurred in areas with a higher temperature than those in the undisturbed reference stream.
(3) Also the amount of nutrients was somewhat higher in the disturbed streams connected with nutrient mobilization from disturbed forest soils due to windstorm.
(4) The growth of the most abundant stonefly larvae increased with above mentioned parameters connected with deforestation.
